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Jl. A direct current sum bandgap voltage comparator 
comprising: 

a summing node; 

a plurality of current sources connected to the sunimiiig 
node, each current source further comprising at least 
one transistor, and each current source supplying a 
cuirent to the summing node and being connected to a 
power supply voltage* wherein the currents sources 
supply currents according to a bandgap equation: 

where is file power supply voltage. V T is a predeter- 
mined threshold voltage of a transistor in a first current 
source within the plurality of current sources* is a base 
emitter voltage of a transistor in a second current source 
within the plurality of current sources, k is Boltzruac's 
constant T is a temperature in kclvin of a transistor in a third 
anient source within the plurality of current sources* q is an 
electronic charge constant, and K*. K 2 . and K 3 are constants 
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determined by a resistance and a transistor length in the first 
second, and third anient source*, respectively; and 
an Indicator circuit having an input connected to the 
sunnning node and generating a logical signal at an 



2. The direct current sum baodgap voltage comparator of 
claim 2. wherein the plurality of current sources are current 



compiising: 
a summing node; 

a plurality of current sources connected to the summing 
node, each current source further comprising at least 
one transistor, and each current source supplying a 
cunrent to the summing node and being connected to a 
power supply voltage; and 

« an indicator circuit having an input connected to the 
summing node and generating a logical signal at as 
output* responsive to voltage changes in the summing, 
node, wherein the currents sources supply currents 
according to a bandgap equation; 
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wh&z V cc is the power supply voltage. V T 1$ a predeter- 
mined threshold voltage of a transistor in a first current 
source within the plurality of current sources* is a base 
emitter voltage of a transistor in a second current source 
within the plurality of current sources, k is Boit2man*$ 
constant T is a temperature in J&eWin of a transistor is a third 
entreat source within the plurality of current sources, q is an 
electronic charge constant, and K A . Kj. and It> are constants 
determined by a resistance and a transistor length in the fcrsL 
second* and third current sources, respectively, and wherein 
tht plurality of currem sources comprises four current 
mirrors* 

4 The direct current sum bandgap voltage comparator of 

claim 3. wherein the first anient mirror includes a plurality 
of transistors and supplies a current to the summing node 
denned hy ^(V^c-V^ 

5. The direct current sum bandgap voltage comparator of 
claim 4 wherein the second current mirror includes a 
plurality of transistors and supplies a current to the summing 
node denned by K A V^ 

6. The direct current sum bandgap voltage comparator of 
claim S, wherein the third current mirror incl udes a plurality 
of transistors and supplies a current to the summing code 

defined by K^V^w 

7. The direct current sum bandgap voltage comparator of 
daim 6. wherein the fourth current mirror supplies a current 
to the summing node defined by K^kTAj). 
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S, The direct current sum bandgap voltage comparator of 
claim 1 further comprising a clamping circuit connected to 
tilt summing node, wherein a voltage swing for the sum- 
ming node, responsive to changes in current supplied by the 
current mirrors* may be set between predetermined voltages. 

9, The direct current sum bandgap voltage comparator of 
claim 7 further comprising a cascode stage having at least a 
i first and second connections, the first connection is con- 
nected to the summing node and the second connection is 
connected to one of the four current mirrors. 

1& The direct current sum bandgap voltage comparator of 
claim 7 further comprising a hysteresis circuit connected to 
> the indicator circuit to reduce noise. 

II. The direct current sum bandgap voltage comparator of 
claim 7* wherein the Indicator circuit includes a pair of 
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inverters connected in series, wherein an mput in tie first 
inverter is the input of Hie indicator circuU connected to the 
summing node and an output of die second inverter is die 
output of the indicator circuit 

IX The direct current sum bandgap voltage comparator of 
datm U, wherein the indicator circuit provides a logic one 
output if die power supply is equal to or greater than a 
preselected voltage. 



a Jim circuit; 

a direct current sum bandgap voltage comparator com- 
prising: 

a stuiiming node; 

a plurality of current sources connected to the summing 
node, each entreat source further comprising at least 
one transistor, and each current source supplying a 
current to die summing node and being connected to 
a power supply voltage, wherein the current sources 
supply according to a bandgap equation: 

where V cc is the power supply voltage. V r & a predeter- 
mined threshold voltage of a transistor in a tot current 
source within the plurality ofcmrcnt sources. is a base 
emitter voltage of a transistor in a second current source 
within the plurality of cmrent sources, k is Boltzman's 
constant. T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an 
electronic charge constant, and K t « K 2 » and K 2 are constants 
determined by a resistance and a transistor length in the first, 
second, and third cuncnr sources, respectively; 

an indicator circuit having an input connected to the 

summing node and generating a logical signal at an 
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output responsive- to changes in the summing node; 



a switching circuit for providing power to the lira circuit 

from a primary power supply and a secondary power 
supply the switching circuit being connected to the 
output of the indicator circuit, wherein power from the 
primaiy power ripply is supplied to the lint circuit if 
tbe logical signal indicates that the power supply volt- 
age is equal to or greater than the predetermined 
threshold voltage and power from the secondary power 
supply is supplied to die first circuit if the power supply 
voltage is less than the predetermined threshold volt- 



a first circuit; 

a direct current turn bandgap voltage comparator com 
prising: 

a summing node; 

a plurality of current sources coimetfed to the summing 
node, each cmreat source further comprising at least 
one transistor, and each current source supplying a 

current to the summing node and being connected to 

a power soppry voltage; 
as indicator circuit having an input connected to die 
summing node and generating a logical signal at an 

output responsive to changes in the summing node; 
and 




f age. 
14 A zero 
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a switching circuit for providing power to the first circuit 
from a primary power supply and a secondary power 
supply, the switching circuit being connected to the 
output of the indicator circuit wherein power from flic 
primary power supply is supplied to tiie first circuit if 
the logical signal indicates that the power supply volt- 
age is equal to or greater than the preselected voltage 
and power from the secondary power supply is supplied 
to fee first circuit if the power supply voltage is less 
1 than the preselected voltage, wherein the current 
sources supply according to a bandgap equation: 

where V cc is die power supply voltage, V T is a predeter- 
mined threshold voltage of a transistor in a first current 
source within the plurality of current sources. is a base 
emitter voltage of a transistor in a second current source 
, within die plurality of current sources, k Is Boltzman's 
constant* T is a temperature in kelvin of a transistor in a third 
anient source within the plurality of current sources* q is an 
electronic charge constant, and K t , K 2 , and K) are constants 
determined by a resistance and a transistor length in the first, 
second, and 3urd anient sources, respectively, and wherein 
the plurality of current sources comprises four current 
minors. 

15. The zero power circuit of claim 14, wherein the 
secondary power supply is a battery. 
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14 The zero power circuit of claim 14. wherein the first 
current mirror includes a plurality of transistors and supplies 
a current to the summing .node defined by KjCV^^-V^. 

17. The zero power circuit of claim 14 wherein the* 
second current mirror includes a plurality of transistors and 
supplies a cuzreat to the summing node defined by K 4 

18 Use zero power circuit of claim 17. wherein the third 
current minor includes a plurality of transistors and ^applies 
a current to die summing node defined by K 2 V^ 

19. The zero power circuit of claim 18, wherein the fourth 
current mirror supplies a current to the summing node 
defined by K&Tfq). 

2& The zero power circuit of claim 19 further comprising 
a clamping circuit connected to the stimmiiig node, wherein 
a voltage swing for the summing node* responsive to 
changes in current supplied by die current mirrors, may be 
set between selected voltages. 

21 The zero power circuit of claim 19 further comprising 
a cascode stage located between the summing node and the 
current minors. 

21 The zero power circuit of claim 19 further comprising 
a hysteresis circuit connected to the indicator circuit to 

reduce noise, 

23. The direct current sum bandgap voltage comparator of 
claim 19. wherein the indicator circuit provides a logic one 
output if the power supply is equal to or greater than a 
preselected voltage. 
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24-27. (Cancelled). 

28.. A method , comprising: 

generating a first current that changes with temperature according to a first 
polarity; 

generating a second ! ^ffMtthM.gbgng ^ with te mperature according to a 
second polarity; 

combining the first and second currents to generate a reference current; and 
comparing the reference current to a third current that is dependent on a 
power-supply voltage, 

2& The method of claim 28 wherein: 

the first current changes with temperature according to a positive polarity; and 
the second current changes with temperature according to a negative polarity. 

3CL The method of claim 28 wherein: 

the first current is .pmPQ.rtiQnaitQ.temperature;.aod 

the second current is inversely proportional to temperature 

3L The method of daim 28 wherein: 
• the first current increases as temperature increases and decreases as 
temperature decreases: and 

the second current decreases as temperature increases and increases as 
temperature decreases. 
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32. The method of claim 28 wherein combining the first an d second currents 
comprises summing the first and second currents. 

33. The method of claim 28 wherein combining the first and second currents 
comprises sinking the first and second currents from a node, 

34. The method of claim 28 wherein combining the first and second currents 
comprises sourcino the first and second currents to a node. 

36-39. (Cancelled) 

40. > A method, comprising: 

generating a first current that increases a$ L temperature increases and that 
decreases as temperature deoreases; 

generating a LSeroMgMH'jgn * that decreases as temperature increases and that 
increases as temperature decreases; 

generating a third current that is dependent on a first voltaoe: and 

combining the first, second, and third currents at a node to generate a second 
voltage on the node. 

41, The method of claim 40 wherein combining the currents comprises: 
sinking the first and second currents from the node: and 

sourcino the third current to the node, 

42. The method of claim 40 wherein: 

the first current is Mated to a thermal voitage: and 

the second current is related to a voltage across a forward-biased p-n junction. 

43, The method of claim 40 wherein: 

the first current is related to a thermal voltage: and 

the second current is related to a base-emitter voltage of a bipolar transistor. 
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44, The method of claim 4Q.yrittgretn.the second current is related to the 
natural logarithm of a current through a bipolar transistor, 

45, A method, comprising ; 

generating a first current that is related to temperature according to a first 
polarity; 

generating a second current that is related to temperature according to a second 
poiarity; 

combining the first and second currents Into a reference current; 
generating a third current that is dependent on a first voltage; and 
comparing the third current tothe reference current. 

46, The ,jrn f ^ffltf r igtf..c^aim 45 wherein: 

the fast current is reiated to a thermal voitage: 

the second current is related to a voltage across a forward-biased p -n junction; 

and 

the third current is dependent on a power-supply voltage, 

47, The method of claim 45 wherein: 

combining the first and second currents comprises sinking the first and second 
currents from a node: and 

comp arin g the third current to the reference current comprises, 
sourcing the third current to the node, and 
comparing a second voltage on [the node to a reference voltage, 

48, A method, com prising: 

generating a first current that is proportional to a threshold voltage of a 
field-effect transistor ; 

generating a second current that is proportional to a difference between a supply 
voltage and a threshold voltage of a second fiefd-eftect transistor 

generating a third current that is proportional to a base-emitter voltage of a first 
bipolar transistor; 
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generatfofl a fourth current that is proportional to ab^utetem^ 
driving a node with the first, second, third, and fourth currents, 

49, The method of claim 48 wherain driving the node comprises: 
sourcinq the first and second currents to the node; and 

sinking the thi rd and fourth currents from the nod e, 

■ rv . ■ . rw . ■■. . . . . — ■ ■ ■■ ■ w ■ ■ ■ ....... .... n » . ...... . lyi p nnwrnw 1.. H II m.m n n r m , rrr 

50, The method of claim 48, further comprising comparing a voltag e on the 
node with a referen ce voltage, 

51, The methgcl^ 

to the second field-effect transistor. 

52, The method of claim 48 wherein the threshold voltage of the first 
field-effect transistor is equal or approximately equal to the threshold voltage of the 
second field-effect transistor 

53, A method, comprising: 

generating a first current that equals a product of a first constant and a threshold 
voltage of a first fietd-effect transistor; 

generating ^ second current that equals a product of a second constant and a 
difference between a sup pl y voltage and a threshold voltage of a second fieid-effect 
transistor; 

generating a third current that equals a product of a third constant and a 
base-emitter voltage of a bipolar transistor; 

$eneratinp a fourth current that equals a product of a fourth constant and a 
thermal voltage; and 

driving a node with the first second, third, and fourth currents. 

54, The method of claim 53 wherein the first constant equals the second 
constant 
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55, The method of claim S3 wherein driving the node comprises: 
sourcino the first and second currents to the node; and 

sinking the third and fourth currents from the node. 

56, A method, comprising: 

generating a first current that changes with temperature according to a first 
polarity; 

second polarity; 

gprnbininc} th? fir*>t WWftf tft flgnyatq a rqfoqnc? pur^p^d 

cpmgarjng the ref^^ 
power-suppSy voltage, 

57, The method of claim 28 wherein comparing the reference current 
composes summing the reference current and the third current at a node. 

58, The method of claim 2$ wherein comparing the reference current 
comprises: 

sinking the reference current from a node; and 
sourcino the third current to the node. 

5 9, A method , comprising: 

generating with a first current source that is powered by a supptv voltage a 
reference current that has a temperature coefficient and that is independent of the 
Sjtippty voltage; 

providing the reference current at a node; 

generating vvith a second current source that is powered bv the supply voltage a 
supply-related current having approximately the temperature coefficient and being 
related to the supply voltage; 

providing the supply-related current at the node: and 

comparing the reference current to the supply-related current at the node. 
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60, The m eth od of claim 59 wherein: 

providing the reference current at the node comprises sinking the reference 
current fmnni the node; and 

groyjdjnjg^e.gup plv-reiated current at the nodejc^mprjs gs spurring the 
suppiy-related current to the node, 

61 , The method of ciairo 59 wherein comparing the reference current 
comprises summing the reference current and the supply-related current at the node to 
generate a voltage. 

62, A method, comprising: 
generating a reference current having^ a 

comparing the referen ce current to a suppl y-related current that is related to a 
power-supply voltag e and that has or has approximately temperature 
coefficient; 

wherein mmparing the reference current comprises summing the reference 
current and the supply -related current at a node to generate a voltage; 

connecting the power-suppl y voltage to a load if the voltage is greater than a 
predetermined level; and 

connecting a secondary supply to the load if the voitage is less than the 
predetermined level, 

63> A method, comprising; 

generating a first current that is related to temperature according to a first 
polarity; 

generating a second current that is related to temperature according to a second 
poiarrtv; 

combining the first and second currents into a reference current; 
genera ting a third current that is related to temperature according to the first 
polarity; 

generating a fourth current that is related to a supply vdtage and that is related 
to temperature according to the s econd polarity: 
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comfrintno the third an d fourtl], c urrents into a supply- related current; and 
comparing the reference current to the supolv^reiated-Cyfrent, 

64, The method of daim 63 wherein the fourth current is proportional to the 
suppl y voltage. 

85. The me t hod of cjajjm 63 wherein the supply-related current is proportional 
to the supply ypltage. 

6 6. The method of claim 63 wherein: 

• wfi m m mw a i utk iw www n w wm wi i^w i f iw ■ ii D ii i i hi - »w wi < ■ mmi wiwuDi ■ ■ ■ i II ■ i l ium ■ 

the first and third currents are inversely proportional to temperature; and 
the second and fourth ^ 

CLAIM 67 (CANCELLED) 
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68. A method, comprising: 

generating with a first current source that is powered bv a supply voltage a 
reference current that has a temperature coefficient and that is independent of the 
supply voltage; 

providing the ref erence curre nt at a node; 

generating with a second current source that is powered by the supply voltage a 
suppiy-reia ted cu rrent having approximately the temperature coefficient and being 
related to the supply voKaff e; 

providing the supply-related current at the node; and 

neither sourcing to nor sinking from the node a current other than the reference 
and suppiy-reiated currents, 

6& A method com prising; 

generating with a first current source that is po wered b y a supply voltage a 
reference current that has a tem perature coefficient and that is independent of the 
supply voltage; 



Application/Control Number: 09/616,821 
Art Unit: *** 



Page 



pr oviding the reference current at a comparison node: 

generating with a second current source that Is powered by the supply vottaq a a 
supply-related current having a pproximatel y the temperature coefficient and being 
reiated to the supply voltag e ; 

providing the suopSv-related current at the comparison node: and 
comparing a voltage on the comparison node to a reference voftaoe> 

£0, The method of claim 68 wherein: 

providing the reference current at the node comprises jinking the reference 
current from the node: and 

providing the suppfv-reiated current at the node comprises sourcing the 
suppiy-related current to the node. 

71 . The method of ciatro 69 wherein: 

providing the reference current at the comparison node compris es si nking the 
reference current from the comparis on node; and 

providing the supply-related current at the comparison node comprises sourcinq 
the suppiy-related current to the comparison node. 



